The thermocell Pt/Li2S04/Pt has been studied over the temperature range 580 -820 °C. The initial thermal emf of -0.7 mV/degr. is identified as the inhomogeneous thermoelectric power due to the temperature dependence of the salt/metal contact potential. Thermal diffusion increases the number of cations at the cold electrode. This causes a change in the thermal emf for which the characteristic time is found to be inversely proportional to the self-diffusion coefficient of the lithium ions. The total steady-state thermoelectric power is temperature-dependent Their measurements show a pronounced straggling of the readings, which they assigned to indeterminable processes in the crystal. While our experiments were in progress two investigations with alkali halides have been reported, where platinum electrodes were used 21, 22 . The theory of solid and molten thermocells is usually confined to reversible cells [25][26] , but irreversible cells have been treated by
The high temperature modification of lithium sulfate has a cubic lattice where the number of available cation positions is 50% higher than the number of lithium ions at electroneutrality 1 . A-Li2S04 is further characterized by the cations being as mobile as else is typical for molten salts. This has been demonstrated by studies of electrical conductivity 2~4 , self-dilfusion transport number 0 and isotope separation clue to thermal diffusion 6 . As a further step in the investigation of this salt, we have now measured the thermoelectric power.
A number of measurements of thermoelectric powers in solid and molten salts (halides or nitrates) have been reported 7_24 . The usual arrangement is to have reversible electrodes. Irreversible electrodes were used in some early experiments, mainly qualitative ones , but their use has in general been rejected, since REINHOLD 3 T. FÖRLAND and J. KROGH-MOE, unpublished. 4 A. KVIST It is difficult to arrange reversible metal or gas electrodes when working with lithium sulfate. Pure molten lithium would react with the salt. It might be possible to use a molten alloy, such as lithium-zinc, but there is a tendency that the salt-metal interface gets contaminated with reaction products (oxide, sulfide, etc.) 28 which means that the obtained emf corresponds to a combined thermal and concentration cell. A separation of the two contributions, e. g. by measuring the emf of the contentration cell separately, seems difficult in practice since the composition of the mixture of reaction products, which can contain some five different anions, hardly is reproducible from experiment to experiment, nor would it be constant with time 28 . (Preliminary experiments with a Li-Zn alloy showed that it was not practicable with the available equipment to handle this alloy at elevated temperatures.) Thus we found it necessary to use irreversible electrodes and to check carefully whether any observed time-dependence was due to changes of the electrode surfaces or had other causes.
Experimental
Reagent grade lithium sulfate (Hopkin & Williams AnalaR) was used in all experiments without further purification.
In the first series of experiments, called A, the salt was melted in a Vycor U-tube, and after solidification the two salt surfaces were covered with a layer of pure molten zinc. Tungsten leads were used to connect the zinc to the potentiometer, thus actually forming the cell W/Zn/Li2S04/Zn/W. However, it was difficult to avoid that the metal-salt interface was contaminated by a certain amount of reaction products, giving a still more complicated cell (see below). This method with molten electrodes was soon abandoned, and two other arrangements, both with platinum electrodes, were preferred. The Utube was used also in the next arrangement (B) where the platinum electrodes and Vycor tubes containing Chromel-Alumel thermocouples were immersed into the molten salt before it was allowed to solidify. Both arms of the U-tube were surrounded by auxiliary heating coils so that a temperature gradient could be obtained in either direction. This arrangement, was used for several of the measure- ments, before we went over to press slabs of lithium sulfate which had been dehydrated at 160 C for some days. The slabs were stacked in a vertical Vycor tube with platinum discs at the bottom and top of the column, Fig. 1 (Method C). The height of the column was about 8 cm and its diameter was 1 cm. Miniature thermocouples (ext. diam. 1 mm) were in thermal contact with each platinum disc, but insulated electrically. In order to press the column together, a weight was placed on top of a tube that rested on the upper platinum disc. After the experiment it was always found that the column was completely homogenous without any traces of the origi-nal boundaries between the slabs. The cell was heated in a furnace with a rather high heat capacity. The power input was controlled by means of a variable transformer, for which the input voltage was stabilized within i 0.2%. The two heating coils surrounding the Vycor cell were fed with stabilized DCcurrent. The temperature of the room was also stabilized and the fluctuations of the furnace temperature were less than 1 degree during a day. The thermocouples were connected to a compensation bridge (Norma Model 317) with which temperature differences of 1/4 C could be detected.
Thermal emf's are usually measured with compensation bridges, which arrangement in principle gives a high accuracy. However, since we were studving cells with irreversible electrodes, we found that the emf was sensitive to the small currents that passed through the cell before the bridge was balanced exactly, cf. ref. 21 . For this reason we preferred to use a microvoltmeter (Philips GM 6020) w ith an internal resistance of 1 or 100 M -Q, depending on measuring range. The accuracy of this instrument was stated to be 3%, but by calibrating the microvoltmeter against a compensation bridge it was possible to reduce the instrument error to 0.5%. It is possible to measure an emf much faster with the microvoltmeter than with a compensation bridge, which was an advantage when studying the timedependence of the emf.
In order to check whether obtained potential differences could be influenced by induction from the AC-current in the main heating coil of the oven, measurements were made both with and without a grounded steeel cylinder shielding the cell. No disturbances could be detected.
Results
The electrode on the hot side became negative, i. e. the thermal emf has the same direction in solid lithium sulfate as in nearly all other solid and molten salts investigated so far.
The measurements with the W/Zn/Li2S04/Zn/W cell (method A) gave a thermal emf of -0.7 mV/ degr. A calculation of the emf for Zn/Li2S04/Zn from this measured emf would require that also the emf of the cell W/Zn (molten)/W is known. It is probable that this latter emf is negligible in comparison with the measured emf, since the emf's of all-metal cells usually are at least an order of magnitude less than for metal-salt-metal cells. E.g. the emf for W/Pb (molten)/W is about 20 /<V/degr. at 600 C 23 , and the absolute thermoelectric powers of nearly all investigated molten metals are less than this value 29 . However, even if a correction for metal-metal emf's is done the measurements with method A are to be considered as less accurate than those with platinum electrodes (B or C), since isothermal concentration cell emf's might interfere with the pure thermal emf's. The reason for this is that the zinc-salt interfaces seemed to be contaminated by reaction products, the amount of which is likely to be temperature dependent.
The platinum electrode cells (B and C) were used for a great number of measurements of the potential difference, AV, as a function of the temperature difference, AT, of time, t, and of the mean temperature, Tm, cf. Fig. 2 -5 . With cell B the measurements were always repeated with the reversed temperature gradient in order to compensate for the isothermal emf that could be very large, up to 38 mV, with this type of cell. On the other hand, the vertical C-cells did not show any detectable isothermal emf's, i. e. their upper limit was well below 1 mV.
NIKITINSKAYA and MURIN do not give any information on the magnitude of the isothermal emf's they found for solid halides 12 . ALLNATT and JACOBS report the same magnitude and behaviour of the isothermal emf's in KCl as we have found for the B-cells 21 , except that in their case this emf could be removed by annealing at a sufficiently high temperature. In NaCl, however, the The measurements were done in the order 1 to 5, i. e. the first three were done with the high temperature at the upper electrode, whereafter the temperature gradient was reversed.
isothermal emf w r as persistant at all temperatures 22 . When Pt electrodes were used for measurements on AgBr an isothermal emf occurred when the salt was doped but not w hen it was pure 22 . In comparison with the observations for irreversible cells, the isothermal emf's found for reversible cells are negligible, i. e. a few tens of microvolts for molten nitrates 16 -17 . For these melts as well as for aqueous solutions 30 the isothermal emf's are attributed to the small differences that are likely to exist between the surface properties of the two electrodes, however carefully they are prepared. When preparing the B cells the platinum electrodes are in contact with molten sulfate for a while, and a slight corrosion might take place in the melt causing some change of the electrode properties. This change need not be identical for the two electrodes, and an isothermal emf might thus be created, but it should hardly be of the observed magnitude. Another possible cause of the isothermal emf is the uneven temperature distribution of the B cells. Thus while for a C-cell the temperature gradient is the same the whole way between the top and bottom electrode, there are to be considered two sources of temperature gradients for the U-shaped Bcells. There is always the slight temperature gradient which is nearly unavoidable in furnaces with a vertical main heating coil, and then there is the temperature difference produced when the coil surrounding one of the arms is heated. The resulting temperature distribution might well be such that the bottom of the U-tube is at a lower temperature than the "cold" electrode. In principle, the more or less pronounced irregularities in the temperature distribution should not cause any observable "isothermal emf" between the two electrodes, but the uncertainty about the temperature gradient should be considered as a disadvantage of the B cells. A third possibility is that the isothermal emf is due to the presence of an inhomogenously distributed impurity 21 ' 22 . Still other explanations of the isothermal emf's are possible, but no special efforts were made to determine their cause, since it was noticed that their contribution to the total measured emf could easily be corrected for by taking the average of two measurements with reversed temperature gradient, cf. Fig. 3 .
When comparing the merits of the B and C cells it is found that preference should be given to the 
The errors are standard deviations 31 . Although it may be fortuitous the thermal emf is thus found to be directly proportional to the absolute temperature within the limits of error.
£\ is estimated to be -0.69 mV/degr., cf. Fig. 2 .
The accuracy is not sufficient to decide whether fj is temperature dependent.
Discussion
The dependence of the emf ef on time t suggests a relation of the type e*-d= («»-eiMl-Ce-"«) 
The diffusion coefficients estimated by means of equations (3) and (4) are to be considered as very approximate due to the difficulty to determine £j with the same accuracy as . Nevertheless the obtained diffusion coefficients are found to be in good agreement with the previously measured self-diffusion coefficient of lithium ions in a-Li2S04, see as the homogeneous thermoelectric power in a-Li2S04, while the initial thermal emf, f;, is to be considered have an unusually high cation mobility, which is of the same order as for molten salts. Although an increase of the thermal emf with increasing temperature seems to be more common for melts, both the opposite behavior and temperature-independence has been found 23 .
